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Phato 1. Miues edulis oonr and weeds.

Part | - ntroduction to Pinyon Pine and Mast Seeding

Pinvon pine (Finus ednlis) is 3 sei-arid pine species that is common throughout the southwestern United States. This
specics provides a range nf ecosyscem services to humans and eritical habits v 2 variery of wildlife species {Brown eral,
2001). Pinyon pine has cxperienced extensive draught and beetic-induced rres moraliey over the past scveral decades
(Breshears ef al., 2005: Mueller et al., 2005). This revent morrality has raised concern about the potentizl botdenecks to
pinyon plne regeneration. such as sced avaikbility, with increasing emperatures.

Pinyon pine is & mast seeding species, which means that this species has high annual variability and also high
synchronicity in tead production among tress within a stand. [n ocher words, cvery few years. pinyon pine
poplations produce very high amounts of sceds (o bumper crups) und then. in other years. pinyon pine pepulations
produce very fow seed. Simikr to other semi-arid plne species, uch as ponderosa pine. it takes multiple months for
cones w mature, First, cones are iniriared In late summer, which ls when pollen and ovile meiosis occurs. Fertiliztion
then occurs in eorly summer of the following year, at which time little cones ot conelers develop and then pver winter
The following fall Is when the marure seed cones have formed {approximately 26 months after those cons wefc
initiated).

In this case study, vou will leam why mast seeding is comman in many perennial plants, how mast seeding in pinyon
pine is associared with climate, and how increasing temperaqures may affect pinyon pine cone production.

Phess 2. Pingon-juniper woodland on Wiy Mew in La Sal. Uh.
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Reading Assignment

¢ Kdly, D.. and V. L Sork. 2002. Masr seeding in perennial plants: why, how, wher? Anmuwil Regiew of Ecology
and Speemarics 33; 427-447.

- Forezll, F. 1981. Ovulate cone production ip pinyan: Negative exponential relationship with late summer
temperature. Feology 62: 488-491.

Afrer reading the two articles above, please answer the following questions. Your answers should be short {50100
words per question).
Questions

1. Why do many perennial plant species exhibit mas seeding behavior?

2. How can climate affect mast seeding!

3, Based on the findings of Foruclla (1981). bow M_n:m._: pinyan pine cone prodyction be afecred by increasing late
summer emperaiures?

Phare 3. Crosshill harvesung pinyon pine soeds in Browns {anyon near Sallda, CO.
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Part Il — Hypotheses and Experimental Design

Climate has varied over the past several decades at the study sites char were sampled by Furcella (1981} in New Mexice
and northwesicrn Oklahoma {Figuee 1),
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Figure 1. Three-vear muving averages of man growlng season (March-{etober)
temperature {black fing) and annwal precipitation {grey linc) from 1960 t 2010
in the piayon-juniper woodhinds sampled by Forcrlla (1981),
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Fignre 2 Late summer comperatuze from 1960 to 2010 in the vm:.‘w...:.wn.m_._n_..
woodlands sampled by Focelks (1981). Climate data arc from the PRISM
Climate Group and were averaged aoross all mmpled sices,

Assignment

i. Develop a hypothesis of how changes in climare over the past several decades may be affecring pinyon pine vone
production,

2. Design an experiment to oese your hypothesis above, What are some of the limitavons? How long of a time
period of conac production dars is needed?
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Part Hll - Data Interpretation

Afier reading the findings of Foreclla (1981). two researchers at the University of Colorado (M.D. Redmignd and N.N,
Barger) contacred E Forcella to do a follow-up stady in 2012 (sce Redmond et al., 20125, Forcelia had sampled sives
in 1978 to quantity cone production from 1969-1978 (1974 decade) ar srudy sites in New Mexico and northwestern
Oklahoma (Forcella, 1981). In chis fullow-up study, chese rescarchers wenr back to nine of the study sitegin 2012 thar
Forcella luud previously sunpled in 1978, They used the same conc abscission scar methedalogy o quansify patterns of
cone production frum 2003-2012 {2008 docade).

v -

Fipuere 3. A map of the nine sites wmpled {white cirdes) In
1978 und 2012 in New Mezice and northwestern Oklihoma.

Grey shading indicates different ecomginns (EFA Terreserial Figure 4. A puryon pine branch thar containg znnual whorls
Ecusystems Level HI Ecustygion Classification), with:  owe and cone abseission seaes, Researchiers _cﬂﬁu, annuzt whorls
sites, Kl and K2, in the Southwestern Tablelunds ecorcgion: 10 know the ¥eur of cach vone of cune sear dlong the branch.
thee tites. R, LV, aud P In the Soutbern Rackies connegion: Followlng, they counted all cone abscicdion Mare. and cones
thee sites, 5P MR and FB. 1a the Arisona/™New Mezico and conefers (1% vear cones} still emaining onithe mree. Please
Mountains cearegion. and ote sie, SF. in 1he ArizonafNew note, conc abicision scats are much larger than needie
Maxico Plateau caungion, abscisriun seurs (not shown), and chus arc cary ro distinguish.
Results

Table 1. Semd cone production acros Jl sites in the 1974 devade 119741 amd the 2008 decude {2008).
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Figure 5. Seed cone produgtion (meast cones produced pr branch, and standardimd Inwe
summer temperature (Tampivr of ae smnsssienf Temp: 1950 2018 Asp) In the 1974 decade
{open blue circles) and the 2008 decade {red closed virches), Fach point fepresents anc yea?
of data (i.¢.. cone producrion for that year and mean face summer maximum femperarire
dutlng the yeat of cone initiation). Data are from 4 representasive sites, Data from the
whet & sites can he found in Redmond et af. (2012), Significance levels at 1< 0.05 of the
Spearman's tho are denoted with an asterisk.

«  Average cones per branch (y axii) is the number of cones (i.c., cone scars) measured per branch on average across

ol rrees wichin the site for a given year.

o Standardized bite summer oypenteure ( axie) is the mean daily Jate summer {end of August and beginning of
Septembes) maximum temperawire. This value i standardized aceoss all sites, such that 3 value of 1 means thar
late summer wmpesature for a given year is equal to the 19502010 average. while a value > | is above average

and avaluc < 1 is below average.

+ Spearmant rho s a corzelation coctlicient and <an range from -1 1o +1, with 0 showing ne relationship berween

Jate summer temperarure nd cone production, values eloser ta -1 showing an increasingly negative relatinnship,

and values closer to +1 showing an increasingly pusitive relationship.
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Figure 6. Percent change in seed cone producrion during 0T ¥ears fram 1he 1974 decade
w0 the 2008 deuade i sefation to the pereenr changs in mean monthly growing season
(March-Ocrobes) temperarues during the 3 years prior 1o sead coneler formation during
mast years {slupe = +5.86, Adjusred RF 0,56, 720,010 Lerters at the righr of cach symbet
indieate the eosresponding site.

Questions

1. What does Table 1 tell vou ahout hew conc production bas changed berween the 1974 deeade (1969-1978)
and the 2008 deaade (2003-2012;! Why would it be in:pormant to cxamine how cone production has changed
during mast years only (rather than alt years)?

2. Whar is the relarionship betwven late summer cemperanancs and cone preduction? Whar eviden, if any, in

Eigure 5 suggests that changes in lare summer remperanires herween the 1974 decade and 2008 decade explain
the decline in cone production? What evidence, if any, supgests thar [ate summer temperatures dun't cxplain the
decline in cone productioni

Y

. What is rhe reltionship between changes in cone production and changss in growinyg scason femperaturcs?
Why might this relacdonship exixt {pravide I=2 potendal explanadons)?

e e e kAR e A R -

“Impachs of Clirnate Change vn Mayen Pine Cone Production” by Redimund and Barser T 6




Part IV - Summary Task

Although the U5, market for pine nuts is cstimarcd at 100 million dallars, 0% of pine nuts are imported inty the
U8, each year. Pine auey are the sceds Fram a variety uf Jifferent pine trees. Tivo species of pinyon pine (Pinns edulis
and Piaws monepiptlyj are the major pine nut producers in the LLS, There arc several organizations within the western
LS. interested in developing the pine nur marker, There is concern, huvever, thae changing climate will change the
potential production of pine aurs in this region.

As an ceulogist working in pinyon-juniper woodlands, you have been asked by the New Mexico Pinon Nut
Association 16 make 3 predicrion about how fuwre climate may aftect pinyon cone production and which populations
may be mest vulnerable w these changes. In onder to do chis, you must now integrat: whae you learned frum the rble
and figures in Part I and the new informatioh provided in the able below with information from a birief literatute
search. Your short repoct should include this information:

(1} A brief description of how climate i predicied to change in New Mexice aver the nexe several decades.
12} The conncction between climare and pine put production.

(3 A prediction of how future climate may influence pine nur production acros an devarienal gradient of 1300 m
ta 2200 m.

Tlease cite at Jeast one resaech paper w suppurt (1) and mwo research papers w support (2) and ¢3}. You may use any
of the references cied in this case seudy, Please feed free to incorpurate any tables or Agures from the publications you
cite to support your report,

Table 2 Temperature and precipitation eross all sices in the 1974 decade (1974) and che 2008 decadc (2008).

Propartion uf cool
Grawing, seasan wap. (°C) Armual precip. (em) Inle summens
Sl Ebes {m} WA 2008 1973 b 1974 A08
K2 1295 172 18.0 395 W0 a5 L5
Ki 1426 72 FE 395 00 o5 153
3] 1950 154 166 43.1 B 0k 05
(A A4 128 e 407 .1 {iLh 1]
SF A 143 152 me A1 1 1) 0.3
sP 2160 L3.1 14,3 475 480 o7 1]
P pd o1 Ho 138 ey 412 6 0%
M 2» 121 133 170 1] 15 0.4
R 2iz 14 1A 194 413 a8 Lo
Overall ity 133 3.1 43 0F * 00" 04 =00

Nodes: Gruwing: season lempemtune (March-Ouzober) end - anoual precipitetion were ‘cateudated o3 mian monthiy
naperature or precipltation diring the vear of cone inifistion {2 veans priorto mature cone tormation} in both decades. Tha
praporion of years with brlow avirage (1950~201() L sumrer temperatunss was calevlatod esing dus mean duily maximum
summer temperatures disring the two woek line period maost Taghty comrelnted with seod cunw productic at each. site (we Fig,
3. Fort Bayard fs mising wyo years of weekly dimale dat in the 2008 docade and thenefore thee propurtion swas caladated
using oaly. 4 years Values in the Jower tow an means = 1 SE across all sites. with different Latiers denoting significant
JEferenes boiwuen the two decades, with =003,
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